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INTRODUCTION 
Sunrical reconstructive operations, such as thromlコoendarterectomyor graft operation, 
have be~n widely民cognizedas the only mode of treatment wh凶 aぉuresthe immedi胤
restoration of thrombotic or embolic occlusion of the vessels. However, such a reconstruc-
tive operation is usually impossible in the intracranial ＼＇引sels. Moreover, among the四ses
of operable extracranial lesions, such as those of the internal carotid and vertebral arteries, 
circulation is successfully restored in 90 per cent of cases with the partial occlusion but in 
only 30 per cent with complete occlusion of the vessels1>. Therefore, if the intra vascular 
clot is dissolved by the fibrinolytic enzymes and the 亡irculationis restored without accom-
panying any irreversible damages in the brain, fibrinolytic enzymes might be used more 
widely in combination with the surgical treatment. 
The clinical use of the fibrinolytic enzymes by intravascular injection has recently 
been investigated and the feasibility of this treatment has been proved in cases with throm-
boembolic diseases, such ぉ peripheral,pulmonary and coronarv \ ·a~にular occlusions, etc・1川叫
I 0)14) 18）日＞. In cerebral vascular occh』si¥・ediseases, however, the enzymatic treatment has 
not yet generally been accepted as the treatment of choice for several reasons, such as 1) 
the difficulty in clinical differentiation between cerebral vascular occlusions and cerebral 
hemorrhage, and 2) the danger of hemorrhage into the infarcted area that might be caused 
by the degeneration of the vessel wall distal to the occlusion and then subsequent dissolu-
tion of the clot ewn in cases with cerピbrovascularocclusions, etc. 
In 1962 J. HANDA12J in our laboratory has demonstrated in dogs that consistent f凹al
cerebral softenings can be prαluced in high percentage by the production of mural thrombus 
in the common carotid ;irterv or the introduction of fresh homologous clots into the internal 
carotid arterv after clipping of the posterior communicating and anterior cerebral arteries, 
and that such cerebral softenings may be prevented by the intravenous injection of the 
fibrinolytic enzym田 withoutinducing or intensifying further intracerebral hemorrhage. 
However, there stil remain ~everal problems which should be elucidated before the 
fibrinolytic enzymes are used in clinical田ses. These consist of 1) dosage and mode of 
applications, 2) timing of administration, 3) complications and 4) combined use with 
surgery and, oranticoagulant drugs, etじ・
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The present study has been attempted to elucidatピtheseproblems in ca記 Swith carotid 
thrombosis produced in dogs. 
P入RTI PRODUCTIOメ OFEXPERIMENTλL 
CAROTID THROMBOSIS 101 DOGS 
It is well known that an experimental thrombosis inεither artery or vein is produced 
by the combination of the following 3 factors; 1) injury to the intima of the vascular 
wall, 2) stasis or turbulenc、eof the blood flow and 3) hypercoagulability of the blood in 
the general or local circulation. Moreover, it is also true that arterial thrombosis is much 
difficult to produce than venous thrombosis especially due to the difference of the rate of 
blood flow. 
Taking these facts into consideration, a pair of constricting ligatures were at first 
placed around the C乱rotidartery to make stagnation or turbulence of blood flow and then 
the following 4 methods were attempted ; 1) chemical intimectomy, 2) mechanical intimec-
tomy, 3) thrombin injection and 4) electric production of thrombus. 
METHODS 
Adult mongrel dogs, al weighing 7 to 12kg., were used. Anesthesia was maintained 
by intravenous Nじmbutal. Under aseptic precautions, the common carotid artery with its 
superior thyroid branch was exposed, and carefully dissected free from the surrounding 
tissues. Two silk ligatures were tied around the carotid artery together with a :¥o. 18 
needle placed parallel and attached to the common carotid artery, at a distance of approx1 
mately 3.5cm. Then the needle was gently slipped out of the loop, and constricting 
ligatures with constant diameter were left around the common carotid artery. The superior 
thyroid artery w回 alwaysincluded between these ligatures.λsegment of the common 
carotid artery was isolated between 2 bulldog clamps placed just distal and proximal to 
the constricting ligatures』
Method I. (Chemical lntimectomy) : Through the previously dissected superior thyroid 
branch, a No. 24 needle was introduced into the segment. 入日 bloodwas aspirated from 
this portion of the vessel, and then 0.3 to 0.5ml. of 5% sodium morrhuate solution was 
filled through the needle. After 2 minutes, the vessピlwas flushed with saline solution 
repeatedly. Both the needle and clamps were removed and the branch used as the needle 
inlet was ligated司
Method I. (Mechanical lntimectomy) : After the superior thyroid branch was ligated, 
a longitudinal arteriotomy of about 5mm. in length was made at the proximal end of the 
isolated segment. The intima was thoroughly stripped out over a Zcm. 向山nentl〕ya 
hypodermic needle with a bent point. The arteriotomy w礼子4closed with No. 3-0 arterial 
silk. After removal of the bulldog clamps, bleeding from the arterial suture was controlled 
easily with gentle finger pressure. 
Method II. (Thrombin Injection) : By using a No. 24 needle introduced through 
the dissected superior thyroid branch, the blood in the isolated se以mentwas aspirated 
into a syringe containing O.lml. of bovine thrombin solution (500 units 1ml. saline）川d
rapidly reinjected into the same segment. After waiting for 10 minutes, the bulldog 
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clamps were removed and the branch was ligated. 
Method IV. (Electric production of 
thrombi) : A blood flow was maintained 
throughout the procedure, and thrombosis 
was produced by the paぉageof the electric 
current between two, internal and external, 
electrodes. The internal electrode was made 
of a fine platinum wire about 5cm. in 
length attached to a copper lead and insulat-
ed by polyethylene tube, and the external 
｛一戸｝ ‘ー一一一
圃圃圃同
electrode made of platinum plate about 1111/Wltlllljlll中川町lllljllHfUHjliii崎務
40mm. square in area attached to a copper l 0 ' 事 ' キド
wire (Fig. 1). The voltage source con-
sisted of five 1.5 volt dry cells attached in 
series to a milliammeter. The internal elect-
rode was inserted proximally into the lumen 
of the vessel through the previously dissect-
ed branch, and the external electrode was 
closely approximated to the adventitia of 
the Yessel (Fig. 2) . The segment through 
which the current would be passed was 
carefully insulated from the surrounding 
tissues by a rubber dam in an effort to 
minimize electrical leak, and covered by 
wet cotton to prevent dehydration of the 
vessel wall. Three milliampere current was 
passed through the vessel wall from the 
internal to the external electrode for 60 
minutes. After passage of the current both 
the electrodes and the constricting ligatures 
were removed and the branch used as the 
Fig. 1. Two electrodes (upper; an internal 
and lom・r ; anexternal electrode) used for 




Fig. 2. S ・Iiematic ilustration ofthe method 
inner electrode inlet was ligated. of electric production of thr口mt、w
λ11 preparations in the al】O、，e-mentioned4 metho仁lswere examined precisely by palpa-
tion or opening the vessel lumen to know the extent and type of thrombus formed at 
varying times after the procedures. 
RESULTS 
Results of these experiments are shown in Tables 1 to 4. 
Method I. (Chemical lntimectomy) : Eight vessels were examined on the 3rd day. 
Of these, 3 were totally occluded and 5 were found to be open. Another 8 vessels were 
examined on the 5th day and showed the same results as examined on the 3rd day. Thus, 
the total thromhosis rate was only 37.5 per cent (Table 1). 
Method I. (Mechanical Intimectomy) : Eight vcsピlswere examined on the 3rd day. 
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Of these, 4 showed a complete occlusion, 1 had a mural thrombus and 3 were patent. 
Another 8 vessels were examined on the 5th day. Of these, 3 were completely occluded 
and 5 showed no evidence of clot formation. Thus, the incidence of thrombosis including 
mural and occluding thrombus was only 50.0 per cent in this group (Table 2). 
Method II. (Thrombin Injection) : Eight v七日町lswere examined on the 3rd day. 
Of these, 5 showed a complete occlusion and 3 were found to be open. Of another 8 
vessels examined on the 5th day, 5 had an occluding thrombus, 1 mural thrombus and 2 
were patent. Thus, the thrombosis rate was 68.8 per cent in this group (Table 3). 
Method IV. (Electric Production of Thrombus) Ninety-nine vessels were included 
in this study. Ninety of the 99 vessels were examined by palpation immediately after 
the passage of electric current. Of these, 35 showed an occluding thrombus, 54 mural 
thrombus and 1 found to be open. The thrombosis rate was 98.9 per cent when examined 
immediately after the procedures. 
Thirty of the 99 vessels were removed on the 2nd day. Of these, 24 had an oc-
cluding, 3 had a mural thrombus and the remaining 3 were patent. Of the 46 vessels 
removed on the 3rd day, 41 were completely occluded, 1 partially occluded and 4 had no 
thrombus. The remaining 23 of the 99 vessels were removed at vaτying times after the 
4th day. Of them, 20 were completely occluded, 1 partially occluded and 2 were patent. 
The total thrombosis rate was 90.9 per cent when examined on the 2nd to 32nd day 
(Table 4). 
Table 1 Incide口じeof thrombosis following chemical intimectomy ' :dt'liod I) 










Table 2 Incidence of thromlxsis following mechanical intim民：trn口、（MethodII) 
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Table 3 Incidence < d thrけmbosisfollowing thrombin injection (Meth＜対 IIl 
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Table 4 Incidence of thrombosis following electric production of thrombus (Method IV) 
I i Patent Mural Occlud ng 
Time of Examination: :¥o. of Vesels I v悶 l Thrombus Thromb~~ 
Immediately aft r i I 90 Formation 1 I 
54 35 
2nd day i 30 I 3 
3rd day ! 46 i 4 
4-5th da、 l1 l I 2 I 
ふ紬 day ! 7 ~ 23 I O !2 
24-32nd day ! 5 J I 0 I 
: l :¥20 







100 % ~ 91.3 ~，； 
100 % I 
90.9°0 
I. Comparison between 4 methods for producing carotid thrombosis. 
The most important prerequisite for studying the treatment of carotid thrombosis in 
animals is to establish a method by which a constant and standardized thrombosis is pro-
duced in high percentage. Many technics的 havebeen reported for producing the experi-
mental thrombosis in arteries; however, none of these technics have met such a prere-
quisite. 
A~ mentioned, the percentage of thrombosis was 37.5 per cent in method I (chemical 
intimectomy), 50.0 per cent in method I (mechanical intimectomy), 68.8 per cent in 
method II (thrombin injection) and 90.9 per cent in method IV (electric production of 
thrombus), respectively. Thus, the percentages of thrombosis are relatively low in the 
fir:;t 3 methods (I III) ; moreon・r, the thrombus produced by these methods is likely to 
be dissolved spontaneously with the elapse of dav~ ， usually within 2 weeks. Thus, these 
3 methods are considered to be unsatisfactory for the present study. 
C>n the contrary, the percentage occurrence of thrombosis is considerably high in 
method IV and the thrombus produced by this method has no tendency to be dissolved 
spontaneously. Moreover, it I日composedof the animal’s own blood and does not contain 
contaminants, such as bovine thrombin or bovine fibrinogen. In the present study, there-
fore, only thi・ぇmethodis used in the following experiments. 
I. Electric production of thrombus. 
The vessel wall has an electrical potential difference with the vessel intima normally 
negatiH・ in respect to the adventitia. SAWYER and P.¥rE19>20> found in studies of injury 
current in the aorta of dogs that a thrombus frequently occurred when the normal potential 
of the vessel wall was altered by the intimal damage and that a small current flow across 
the vessel wall in direction to reverse the normal polarity was followed by thrombosis. 
Since the report of S主WYERand PATE, several a•1thors21> have attempted to produce 
thrombosis by modifying this technic variously. However, as al of them used only an 
external electrode, much more electric current had to be applied to produce an arterial 
thrombus. In the present study, therefore, two dectrocle'i, an internal and external, were 
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used in combination with a pair of constricting ligatures. After examining the amperage 
and the duration of passing a 3 milliampere current for 1 hour not only produced the 
most reproducible thrombus, but also gave litle damage to the vessel wall. 
Characteristics of the electric thrombus. 
As shown in Fig. 3, almost two thirds of the electric thrombi were mural immediately 
after thrombus formation, and then rapidly grew up to occlude the vessel lumen completely. 
Thus, a 89.1 per cent of the vessels showed 
complete occlusion when examined on the 
3rd day, and moreover the rate of occlud－先
ing thrombosis maintained almost constancy 10 
thereafter. Figure 4 shows a macro 
80 
appearance of the occluding thrombus of 3 
days old. Microscopic sections of the vessels 60 
with mural and complete occlusions are 40 
shown in Figures 5 and 6. 
20 
恥riicroscopicexamination of the throm-
Lus showed that aggregates of fibrin and 
platelets in a meshwork pattern were mainly 
located in the center of the vessel lumen 
where the inner electrode had been placed, 
and surrounded by the remaining blood 
E二コ剛『aI thrombosis ・1・ocluding th棚蜘is
imediately 2nd day 
Fig. 3. H l、tりgrammof the percentageぽー
currence of mural and ocludin日thrombosis,
cl白 rh・ showing the rapid gro¥th from mural 
to occluding throm加、
脳ililWilil山山山UlilU
Fig. 4. Macro配opicappearance of the electric thrombus けf3 days old. Left; an external ap-
pearance. Right; in日ideof v出 ellumen. 
elements which were incorporated in successive laminae (Fig. 7). With the elapse of 
days, red thrombi may gradually extend distally as well as proximally in such an original 
pattern of thrombi, forming complete obstructing thrombi. 
A small yellowish plaque was sometimes observed in a corresponding area of the 
intima where the external electrode had been placed. However, as shown in Fig. 8, such 
an intimal change appears to be considerably small as compared with the chanεes induced 
by other methods. 
At any rate, such an electric thrombus is a so-called platelet thrombus 川ldha長 no
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tendency to be dissolved spontaneously. These facts seem to indicate that this type of 
thrombus is difficult to be dissolved by an ordinal enhanced fibrinolytic activity. 
SUMMARY 
1) Four different methods, such as chemical intimectomy, mechanical intimectomy, 
thrombin injection and electric production of thrombus, have been attempted to produce 
carotid thrombosis in dogs. 
2) The percentage of thrombosis was 37.5 per cent in chemical intimectomy, 50.0 
per cent in mechanical intimectomy, 68.8 per cent in thrombin injection and 90.9 per cent 
in electric production of thrombus, respectively. Thus, the method of electric production 
of thrombus was found to be the most suitable method for studying the present study. 
3) Almost two-thirds of the electric thrombi were mural immediately after the pro-
cedure and then gradually grew up or extended to occlude vessel lumen completely usually 
within 48 hours. 
4) This electrically produced thrombus is composed of the dog’s own blood and 
does not contain contaminants such as bovine thrombin or bovine fibrinogen. Moreover, 
this thrombus is a so-called platelet thrombus and has no tendency to be dissolved spon-
taneously. 
PART I. FIBRINOL YTil、 ANDSURGICλL THERAPY FOR 
EXPERIMENT AL CAROTID THRO九1BOSISIN DOGS 
In part I an electric production of thrombus has been found to be the most suitable 
method for producing complete occluding thrombosis in the carotid artery in dogs. Using 
such a thrombus, the following studies were done to find out the most effective method 
for restoring circulation of the carotid artery. 
PRELIMINARY EXPERIMENTS 
There are two controversial opinions on the mechanism by which a thrombus is lysed 




Lysis By Circulating Lysis By Activation of 
刊asmin Intrinsic Plasminogen of Clot 
Fig. 9. Schemes of clot lysi' (SHERRY). P: Circulating plasmin. A: 
Circubting acti、日tor.i乍I’m: .'¥ctiv< tion of intrinsic plasminogen 
to plasmm. 
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Fig. 5. Microscopic section taken 24 hou" after electric prαJuction of thrombus. N•.Jte the mural 
thrombus adherent to the intima. 
Fig. 6. Microscopic section taken 1 week after electric production of thrombus. :\•M the com・
plete occlusion of the vessel lumen 
Fig. 7. Microscopic section of the electric thrombus. Note the aggregate台 offibrin and platelets 
in a meshwork pattern surrounding the rem川ningblood elements. 
Fig. 8. Microscopic section of the electric thrombus and vessel wal. :¥ote changes of the int1ma 
are m1mmal 
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(Fig. 9). One of which, asserted by入MBRUSet ai.1>16>, is that clot lysis result日 from
the direct activation of circulating plasmin or fibrinolysin on the fibrin meshwork of a 
thrombus, and thus the concentration of circulating fibrinolysin determines the rate of 
fibrinolysis. Another assumption, asserted by SHERRY et al.23>2•1, is that clot lysis results 
from the diffusion of activator into the thrombus with resultant activation of the intrinsic 
profibrinolysin, followed by lysis of the clot, and thus the level of activator in the circula-
tion rather than the level of circulating fibrinolysin, becomes the decisive factor in controlling 
the rate of lysis of a thrombus. Which assumption is true, has not yet been elucidated. 
However, it is generally accepted that artificial thrombolysis can be induced in two ways, 
1) by injection of streptokinase in the blood stream, which lyses a clot by the internal 
thrombolysis, and 2) by injection of plasmin, which lyses a clot by the external throm-
bolysis. 
Taking these facts into consideration, intravenous injection of streptokinase added 
with a small amount of human plasma22> was attempted in the present study. 
It is also known that there is a considerable variation in the content of the antibody 
to streptokinase in individuals. In this preliminary experiments, therefore, predictive dose 
tests were made in normal 6 dogs to determine the amount of streptokinase which had 
to satisfy al the circulating antibody and then maintain a free l引でlof circulating strep-
tokinase in order to induce an active fibrinolytic state. 
PREDICTIVE DOSE TESTS Serial dilutions of streptokinase, such as 500, 250, 
200, 150, 100 units per ml., were prepared. Two ml. of each dilution was mixed with 
lml. of dilution of desiccated human plasma containing 0.05ml. of normal human plasma 
constituent and was incubated for 30 minutes at room temperature. Then, lml. aliquots 
of freshly drawn canine blood were collected in small glass test tubes and 0.3ml. of each 
dilution of streptokinase-human plasma mixtures was added. In other words, 1 ml. of the 
canine blood and 0.005 ml. of human plasma were mixed with 100, 50, 40, 30 or 20 
units streptokinase, respectively. As shown in Table 5, 30 to 40 units of streptokinase 
was required to produce clot lysis of 1 ml. blood in approximately 20 minutes in 5 out 
of 6 dogs. This dose was called as 20 minutes test end point町 With100 units of 
streptokinase, blood remained uncoagulable in 4 dogs during 2 hours observation. 
METHODS OF STREPTOKINASE ADMINISTRATIO¥iメ Twodifferent dosages 
of streptokinase injections were planned. 
Table 5 Predictive dose test in 6 normal animals, showing 30 to 40 unit> ofメK
is required い produceclot lysis of 1 ml.blood in about 20 minutes. ¥Vi th 
10 units ofSK. blod remains uncoagulable in山川 ofthe animals 
during 2 hours. 
Do日No. L、1、Time、
、
日K Unit ¥ . 101 ¥ . 102 ¥ .［（〕3 ¥, .104 ＼《，105 ¥ . 106 
10 no clot 18 min. 15 mm. nり clot no clot no clot 
50 13 min. 21 mm. 15 mm. 10 min. no clot no clot 
40 13 min. 27 min. 19 min. 16 min. 15 mm 19 min. 
30 21 min目 3 min. 27 min. 18 min. 23 min. 19 min 
20 ＇＂口 1In. 2 !tr：、 97 mm. 2 hrs. 2 hrs. 2 hrs. 
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1) Small Dosage of SK. : The initial streptokinase dose required for each dog was 
calculated by multiplying 30 or 40 units of SK. with 0.005 ml. of human plasma by the 
dog's calculated total blood volume. This initial dose was dissolved in 80 ml. of physiological 
saline solution and injected into the femoral vein over a 30 minutes period. Thereafter, a 
sustaining infusion was given at the rate of a half amount of initial dose per hour over 
a 3 hours period. 
2) Larger Dosage of SK.: In this method of injection, the initial SK. dose was 
calculated by multiplying 100 units of SK. with 0.005ml. of human plasma by the calculated 
total blood volume. Both the initial and sustaining infusions were given in the same way 
as those of small dosage of SK. 
BIOCHEMICAL STUDIES: Blood samples were taken before, and at various time 
intervals after streptokinase injections and the following biochemical studies were made ; 
thrombelastographic studies on whole blood, fibrinogen levels, Lee-White clotting time and 
subsequent lysis time, euglobulin lysis time and fibrin plate method. 
The standard fibrin plates were made according to ASTRUP’s technic2> 13> 15>. The 
plates were either used as such or heated at 85 degree (C.) for 30 minutes. Plasma was 
separated by centrifugation of citrated blood sample at 2,500 rpm. for 10 minutes. Euglo-
bulin fraction at pH 5.2 was obtained by adding one per cent acetic acid to the plasma. 
The relative areas of lysis obtained from the euglobulin fraction on the standard plates 
were evaluated as activator activity, and those on the heated plates as plasmin activity. 
To evaluate plasminogen activity, 0.5ml. of the euglobulin fraction was incubated for 30 
minut白 atroom temperature with 0.1 ml. of human activator in order to convert plas・
minogen to plasmin. The human activator was prepared by mixing equal volumes of 
streptokinase (1000 units per ml.) and human euglobulin. The lytic areas of these pre-
parations on the heated plates were evaluated as whole plasmin activities. The remainder 
of the plasmin from whole plasmin activity was regarded as plasminogen activity. To 
test inhibitor activity, 0.03ml. drops of plasma was put over the equal volume of Fibrino-
lysin （λIerck) containing 1000 MSD. units per ml. on the heated plate. As the results, 
inhibitor in the plasma controlled the lysis of the standard Fibrinolysin. Then, the inhibitor 
activity was calculated as follows : 
lnhihitor=A B/A, A : Lytic areas of Fibrinolysin. 
B : Lytic areas of Fibrinolysin inhibited by plasma. 
METHODS 
Mongrel dogs ranging in weight from 7 to 13 kg. were anesthetized with Nembutal. 
In the common carotid artery of each dog the electric clot was produced by a previously 
described method. At varying times after thrombus formation, either within 1 hour, on 
the 2nd or 3rd day, the animals were reanesthetized and the following 2 series of treat-
ments, fibrinolytic and surgical, were performed. 
SERIE吋I.: FIBRINOL YTIC TREAT恥1ENTS
(Group 1) : Intravenous injection of small dosage of SK. 
The effect of treatment with small dosage of SK. was studied on both electric and 
thrombin clots. vVithin 1 hour after clot formation, small dosage of SK. was administered 
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intravenously by a method described. The total amounts of SK. used in each doεran昨 d
from 45,000 to 68,000 units. 
(Group 2) : Repeated treatment with small dosage of SK. for 3 days. 
A treatment similar to that described in group 1 was repeated once daily for 3 days. 
This series of treatment was started either within 1 hour or on the 2nd day following 
thrombus formation. The total amounts ofメ！＼..given in each animal ran宮町lfrom 210,000 
to 330,000 units. 
(Group 3) Intr.ivenous injection of larger dosage of SK. 
Intravenous injection of larger dosaεe of SK. was given by a method described within 
1 hour, on the 2nd or 3rd day after clot formation. The total amounts of吋k used in 
each animal ranged from 135,000 to 230,000 units. 
(Group 4) Combined use of repeated small dosage of品I¥.and heparin. 
Intramuscular injection of heparin wa只 combinedwith repeated treatment with small 
dosage of SK. The initial heparin dose, 2 mg. per kg., w川 given30 minutes prior to 
SK-therapy, and then the same dose was also giYピnevery 8 hours until the time SK. 
・therapyfor 3 days was completed. 
(Group 5) : Combined use of larger dosage of SK. and heparin. 
Heparin was given intramuscularly 30 minutes prior to the injection of larger dosaεe 
of SK. and then the same close of heparin was also given every 8 hours ovピra period 
of 48 hours. 
Animals in al groups were reanesthetized 7 days later and the ves~同ls were removed 
to examine the extent and type of a thrombus remained. 
The results of treatments were evaluated as the following 5 grades ; 1) Grade 0. 
No clot remained in the vessel. 2) Grade I. : Only a membranous mural thrombus 
adherent to the intima was found. 3) Grade I.: There was a mural thrombus occluding 
les than half of the vessel lumen. 4) Grade II. : A mural thrombus occluding more 
than half of the vessel lumen was stil found. 5) Gracie I＼＇.え complete obstructing 
thrombus was stil found in the vessel. 
In each group, a percentage of circulation restored waベcalculatedby regarding grades 
0. to I. as restored circulation. 
メERIESI. おURGICALTREATME>JTS 
This series was studied to compare the effecti¥・ene則元 of thrombectomy with that of 
fibrinolvtic treatment, and also to find out the most eff虻 tin"method for pre¥・enting clot 
reformation after thrombectomv. 
(Group 6) Thromhectomv. 
Thrombectomy was performed hy a followinεmethod A thrombosed segment of 
the artery was isolated between 2 bulldogじlamps. A longitudinal arteriotomy of ap-
proximately 8 mm. in length was made at the distal part of the isolated segment where 
the aclventitia had been previously stripped out. Then the clot in this segment was 
thoroughly removed and the vessel lumen was flushed with saline solution containing 20 
units of heparin per ml. The arteriotomy was closed with a continuous suture of 3 0 
arterial silk. Each suture was made as close as possible to ensure a complete closure. 
After removal of the clamps, bleeding from the訂 teriostomywas controlled with gentle 
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finger pressure. 
The above-mentioned procedure was performed within 1 hour, on the 2nd or 3rd 
day after clot formation. 
(Group 7) : Coating with EDH Adhesive after thrombectorny. 
Some animals in group 5 died from loss of blood due to rupture of the vessel wall 
several days after thrombectomy. To prevent such an arterial rupture, the thrombectomized 
arteries were coated with EDH Adhesive, which was found to be the most effective 
agent for coating and reinforcing intracranial aneurysm只1JHJ. This procedure was done 
on clots of 1 hour, the 2nd or 3rd day of formation. 
This group was studied as a control for the following 3 groups. 
(Group 8) Anticoagulation with heparin after thrombectomy. 
After coating the thrombectomized artery with EDH Adhesive, heparin was given 
intramuscularly at a dose of 2mg. per kg., and then the same dose was also given every 
8 hours during the first 48 hours. 
(Group 9) : Intramuscular administration of streptokinase after thrombectomy. 
Intramuscular administration of streptokinase was given into animals in which coating 
with EDH-Adhesive had been done after thrombectomy. Dosage of streptokinase for a 
single injection was calculated by mutiplying 30 units of SK. with 0.005 ml. of human 
plasma by the animal’s calculated blood volume. This dose was dissolved in 5 ml. of 
physiological saline solution and injected intramuscularly 30 minutes prior to thrombectomy, 
and then the日amedose was given every 8 hours for 48 hours. 
(Group 10) : Combined u化 ofstreptokinase and heparin after thrombectomy. 
Both streptokinase and heparin were given intramuscularly eγery 8 hours in the same 
manner as described after thrombectomy. 
Animals employed in this series were reanesthetized 7 days after the initiation of 
therapy, the vessels were removed and examined. 
RESULTS 
SERIEメI. • FIBRI'.¥JOLYTIC TREATMENT. 
(Group 1) : Intravenous injection of small dosage of SK. 
The results of this group are shown in Table 6. 
Six vessels with electric clots were treated within one hour of formation. Of these, 
circulation was restored in only 1 and the remaining 5 were found to be completely 
occluded. In contrast, 3 out of 4 thrombin clots were completely dissolved when treated 
within 1 hour of formation. The dissolution rate of electric clots was only 16.7 per cent, 
while that of thrombin clots w川 75.0per cent. 
Table 6 Result, of treatment with smal do唱geof SK. (Group 1) 
.¥1 
Type of Thrombus : of 
Ca,e、
Grade of Occlusion Percentage of Circulat1on 
IV. 
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Figure 10 shows the changes in fibrinolytic activity in animals treated with this dose 
of SK. This seems to indicate that as streptokinase concentration in plasma increases, 
plasma plasminogen is rapidly activated to plasmin and the plasminogen concentration falls 
to almost zero within the first 30 minutes of infusion. Then both the activator and 
plasmin concentration reaches a relatively high level which is maintained throughout the 
infusion. However, none of the animals showed any serious complications other than only 
minimal oozinεof blood from the fresh operative wound in the femoral area which was 










。 1 2 3 4 Hrs.
I. D. 1.D./2 l.D./2 l.D./2 
Fig. 10. Chan日e、infibrinolytiιactivity 1口
animals treated with small dosage of SK. 
(Fibrin plate method) 
(Group 2) Repeated treatment with small dosage of SK. for 3 dav九
Table 7 shows the results of therapy in thisεroup. 
Three out of 6 clots were lysed almost completely when treated within 1 hour, while 
only 1 out of 6 clots was dissolved when treated on the 2nd day. The percentage of 
circulation restored of vessels treated within 1 hour was 50.0 per cent, while only 16.7 
per cent on the 2nd day. 
Complications were rare and minimal in this group, and biochemical changes were 
Table 7 Rぞsuit只ofrepeated treatments ¥nth smal do叫耳eof SK. for 3 days (Group 2) 
ト＼付。。f l一 ( ;rade of Occlus1on Percentage of Cirrnlation Time of Therapy 
Cases I IV II. IL I. O. restored 
Within 1 hour I 6 i 2 2 1 50.0% 
2nd d川 6 I 16.7<?; 
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similar to those in group 1. 
(Group 3) Intravenous injection of larger dosage of SK. 
Table 8宍howsthe results of therapy in this group. 
Ten clots were treated within 1 hour of formation. Of these, 5 were dissolved 
completely and 1 was partially lysed to grade I. Another 10 Yessels were treated on the 
2nd day and 4 dissolved completely. In additional 12 ¥・essels treated on the 3rd day, 
complete lysis was noted in only 2. The percentages of circulation restored of ¥'es対 lswith 
clots treated within 1 hour, on the 2nd day and 3rd clむ were60.!l, 40.0 and 16.7 per 
cent, respectively. 
Table 8 Result、‘1ftrt'atment with larger dοsage of :-;J.;. l Group 3) 
＼《》 Grade of Occlusion Percentage of C 1rnlation 
Time of Therapy of 
i Cases IV Il. I. 。 Iいtored
一一一 一一一一一一一一一
¥'ithin 1 hour 10 3 5 60.0°0 
2nd da、 10 6 4o.oq,; 
3rd da、 12 9 2 16.70, 
Figure 11 shows changes in fibrinolytic activity and fibrinogen levels in animals 
treated with this dose of SK. えsshown, plasma activator and plasmin concentration 
increa対 withthe reduction of euglobulin lysis time. .¥t the same time both fibrinogen 
level and mA in thrombelastogram begin to decrease, following which moderate oozing of 
blood usually ensues from the fresh operative wound. 
10 
20 
EU GLOBULIN LYSJS Tl ME 
ACTIVATOR Standard Plate 
Heated Plate 
日 1 2 3 4 5 Hrs. 
I L 1.D/2 I目.／2 1.D/2 
Fig. 1. Chang田 mfibrinolytic acti、it、and
fibr』nogenlevels in animals treated ・，、ith
larger do田geor :-;1,: 
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(Group 4) : Combined use of repeated small dosaεe ofメK.and heparin. 
Table 9 shows the results of this therapy. 
Four clots were treated within 1 hour of formation. Of these, 3 werヒ completely
dissolved and 1 was found to be occluded. Of 6 clots treated on the 2nd day, complete 
lysis was noted in only 1 and the remaining 5 were not affected, The percentage lysis 
was 75.0 per cent when treated within 1 hour, while 16.7 per cent on the 2nd day. 
Table 9 Resultメ＇，ftreatment with repeated small dosage口fSI、<1ndheparin I Gn川p4) 
＂＇’ Cr"rk of CJ仁clt"ion Percentage of （、trnl；山（）/lTime口fThぞれ中、
c巳れ IV. II. I. 。 restored 
¥'ithin 1 hour 3 75.0% 
2nd d:l¥ 6 5 16.7% 
Complications were minimal with this combination therapy. 
(Group 5) : Combined use of larger dosage ofおK.and heparin. 
Table 10, shows the results of this therapy. 
Of the 4 clots treated on the 2nd day, 3 were found to be patent and 1 with mural 
thrombus of grade I. Of 6 clots treated on the 3rd day, complete lysis was noted in 3. 
The percentage lysis was 100 per cent on the 2nd day, while 50.0 per cent on the 3rd 
day. 
Table 10 Results of treatment with larger dosage口fSK. and heparin 1 (;n川1p5J 
I "¥o. Grade口f（）札lusion 1 Percentage of Circul"tion 
Time of Therapy I of ' ' 
t、は可色、 IV. II. I. 
~nd day 







None of these animals showed any serious reactions other than moderate oozing of 
blood from the fresh wounds. All animals survived in good health until the time they 
were sacrificed, 
SERIES II.: SURGICAL TREATl¥IE:¥'T:-;. 
(Group 6) ・ Thrombectomy. 
The results of this therapy are shown in Table 11. 
Ten vessels were submitted to thrombectomy within 1 hour after clot formation. Of 
these, 5 showed complete occlusion. >line vessels were treated on the ゴnclclav and 5 of 
Table 11 Results of thrombectomy ! Gmup 6 1 
＼，’ Percentage of Circudat1on 
Time of Operation Pa tent Ve＂~ I Occluded Vr・，ザl
Case討 restored 
Within 1 hour 10 5 5 50.0% 
2nd day 9 5 41.4% 
3rd day 7 6 1.3':'; 
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them were found to be occluded. Another 7 were treated on the 3rd day. Of these, 5 
showed bleeding from arterial ruptures several days after thrombectomy. Only 1 was found 
to be patent. Thus, the percentages of circulation restored of vessels treated within 1 
hour, on the 2nd and 3rd day were 50.0, 44.4 and 14.3 per cent, respectively. 
(Group 7) : Coating with EDH Adhesive after thrombectomy. 
Tai〕le12 shows the results of this therapy. 
Nineteen vessels were submitted to thrombectomy and then coated with EDH -Ad-
hesive. The vessels were entirely prevented from rupturing by the coating, but a signi帽
ficant decrease was noted in the percentage of circulation restored. The percentages of 
circulation restored of I田健Istreated within 1 hour, on the 2nd and 3rd day were 25.0, 
16.7 and 0 per Cピnt,respectively. 







Results of C川ting"ith EDH－主【liw-.,i、守 afterthrombectomy (Group 7) 
i Per℃entage of Circulation 
Patent Ve-川、el （）ιeluded Vessel 
Table 12 
re、tored 













(Group. 8) . Anticoagulation with heparin after thrombectomy. 
Table 13 shows the results of this therapy. 
Seventeen vessels were included in this study. The percentages of circulation restored 
of vessels treated within 1 hour, on the 2nd and 3rd day were 50.0, 60.0 and 16.7 per 
cent, respectively. 
Table 13 Resulb口fanticoagulation with heparin after thrombectnm、（Group8) 
¥ . 
Time of Operation I ot ι、a、es Patent Vトぽl Occluded Ve泊 l
Percentι1ge ＇、fCirculatior】
丸.VithinI hour 6 
2nd day ' 5 








(Group 9) : Intramuscular administration of吋K.after thrombectomy. 
Of 6 vessels treated on the 2nd day, circulation was restored in only 1 (Table 14). 
Table 14 Results of intramuscular administration of討k after thrombectomy 1 Group 9) 
＼｛’ 
Time of Operation i 1 ,f 
Ca河、
Patent Yes官i Occluded Vessel 
Percentage of Circulation 
山川 I 6 
restored 
5 16.7?o 
(Group 10) : Combined use of SK. and heparin after thrombectomy. 
The results are shown in Table 15. 
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Fourteen arteries were used. Of these, 7 were treated on the 2nd day and 6 of 
them were found to be open. The remaining 7 were treated on the 3rd day but circula司
tion was restored in only 2. The percentage of patent arteries was 85.7 per cent when 
treated on the 2nd day and 28.6 per cent on the 3rd day. 
Table 15 Resulh of combined use of SK. and heparin after thrombectomy (Group 10) 
＼｛）． 
Time of Operation Patent Vesel 
Cases 1 
2nd d川 7 6 
3rd day 7 2 








Several problems should be elucidated before the fibrinolytic enzymes are used in 
clinical cases, especially with carotid and1 or cerebral thrombosis. These include 1) dosage 
and mode of applications, 2) timing of administration, 3) complications and 4) combined 
use with anticoagulant drugs and/or surgery, etc. 
1) Dosage and mode of applications. 
SHERRY et al9> 10>. reported that thrombolytic stat田 oflong duration and of great 
intensity could be produced in man by the intravenous infusion of streptokinase, using an 
initial streptokinase dose calculated by multiplying 20 minutes test end point by the patient’s 
total blood volume. 
Treatment with small dosage of SK. in the present study was scheduled according 
to their method. However, results of this treatment were unsatisfactory even with freshly 
formed clots, though fibrinolytic activity in animals maintained a relatively high level 
throughout the infusion. These poor results were probably due to, 1) difference in fibri-
nolytic enzyme systems between human and dog and 2) the fact that thrombi used in 
this study are platelet thrombi produced in arteries, which usually occlude vessels completely 
within 48 hours and which appear to be les susceptible to fibrinolytic therapy than other 
thrombi. 
Then, another 2 methods of SK. administration were also attempted, 1) repeated 
administration of small dosage of SK. for 3 days and 2) administration of larger dosage 
of SK. The results of freshly formed clots were improved to be 50.0 per cent in the 
former and 60.0 per cent in the later. Thus, so far as the freshly formed clots are 
concerned, almost the same results may be obtained by either of these 2 methods. 
However, the dissolution rate of the repeated treatment with small dosage of SK. 
decreased markedly when treated on the 2nd day of clot formation, while a relatively 
high dissolution rate was consistently obtained by the treatment with larger dosage of SK. 
even on the 2nd day. These results indicate that thrombolysis of older clots回 nnotbe 
expected otherwisεthan by treatment with larger dosage of SK. 
2) Timing of administration. 
It is well known that the timing of administration is essential for successful fibrinolytic 
therapy. BACK and AMBRUs3> demonstrated in dogs that, even in vein, dots older than 
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Table 16 Summary of results of fibrinolytic treatment 








Larger Dose of SK 
Rspeated Small Dose "1th Hep注目n
! 1/6 (16.7%) i 
3/6 C50.0°o) 1/6 (16.7%) 
6/10 (60.0°;) i 4/10 (40.0%) 
3/4 (75.0%) I 1/6 (16.7%) 
2/12 (16.70,o) 
Larger Do宮山ithHepann 4/l (100%) I 3/6 (50.0°0 I 
3 d；《l ＼＇~ ¥Vピrenot affected by human plasmin injections while those les than 3 days old 
were completely dissolved. 
The present study also confirms that the percentage of dissolution decreases as the 
age of the clot increases, and clots older than the 3rd day are not affected even by the 
larger dosage of SK. The growth of the clot from mural to complete occluding clot within 
48 hours may probably contribute to the resistance to lysis by reducing the contact surface 
between the clot λnd enzymes. 
It is apparent from these observations that the treatment should be started as soon as 
possible after the onset of clot formation. 
3) Complications. 
There is no doubt from the above observations that the fibrinolytic treatment is also 
effecti¥・e even on the complete occluding thrombosis produced in the carotid arteries in 
dogs. However, it is also true that fibrinolytic treatment is frequently accompanied by 
some changes in the blood coagulation mechanism. Therefore, it might be supposed that 
hemorrhage intracranially and/or elsewhere in the body would be induced or intensified 
by this therapy. 
Regarding the possibilitv of the intracranial hemorrhage, J. HANOA 12l demonstrated in 
dogs that enhanced fibrinolytic activity did not induce or intensify the hemorrhage into the 
fresh cerebral softening foci. These observations were also confirmed by a series of 
experiments in 9 dogs in the present study. 
入nelectric clot was produced at the bifurcation of the common carotid artery after 
dipping of the ipsilateral posterior communicating and anterior cerebral arteries in 9 dogs. 
Of these, 5 were served ぉ controlsand the remaining l animals received the infusion of 
larger dosage of SK. soon after the procedures. Cerebral softenings occurred in the ter-
ritory of the ipsilateral middle cerebral artery in 3 out of 5 controls and in 3 of 4 in 
the treated group. The mean ratio of the width of infarction area to the whole brain 
of the treated group was proved to be considerably low as compared with the controls as 
shown in Table 17. Moreover, animals of the treated group did not show any evidence 
of incr聞記dhemorrhage into the softening foci. These results seem to indicate that intra-
cranial hemorrhage may not be induced or intensified even by the treatment with larger 
dosage of δK. 
On the other hand, a mild to moderate oozing of blood from the fresh wound was 
frequently observed in animals treated with larger dosage of吋K., though al animals 
survived in εood health and no evidenc、ぞ ofhemorrhage wa宍foundin the organs at autopsy. 
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Table 17 Efect of treatment with larger do坦geof SK. on the prevention of cerebra I 
infarction. Note a marked der白崎 inthe me;1n percentage of infarction in 
treated group. 
＼リ.dogs Emplo¥'ed i ¥": dogs with I :-:iymptoms 
Control Group 5 3 





1 Mean of % Infarction 
2.47% 
0.49% 
Such an unpleasant oozing was never noted in animals treated repeatedly with small dosage 
of SK. for 3 days. 
Thus, so far as the treatment for freshly formed clots is concerned, repeated treatment 
with small dosage of SK. should be used rather than single treatment with larger dosage 
of SK. 
4) Combined use of fibrinolytic and anticoagulant drugs. 
The therapeutic goal in thromboembolism lies not only in clot dissolution but also in 
the maintenance of vascular patency after clot lysis has been achieved. Recurrences of 
clot formation may frequently occur after successful clot lysis as far as original thrombo-
genic stimulus persists. 
Since the results of the present experiments were examined not immediately but a 
week after the initiation of fibrinolytic therapy, the possibility of clot reformation might 
be unavoidable. To prevent such clot reformation, heparin was used with streptokinase 
in groups 4 and 5. 
Combination therapy of the larger dosage of SK. and heparin resulted in a 100 per 
cent lysis when treated on the 2nd day and a 50 per cent lysis on the 3rd day. In ad-
dition, the risk of occurrence of an unpleasant oozing from the fresh wound was not 
enhanced by combined use of these drugs. In contrast, results were not so good as were 
expected except in case of the freshly formed clots in the group treated with small dosage 
of SK. and heparin for 3 days. 
From the above observations, it is apparent that fibrinolytic enzymes should be used 
in comibination with anticoagulant drugs for thromboembolism. 
I. SURGICAL TREA TME:¥T. 
There is no doubt that surgical reconstructive operation is the best mode of treatment 
which assures the immediate restoration of thrombotic or embolic occlusion of the vessels. 
However, such a reconstructive operation is often unsuccessful even in larger arteries when 
they are occluded completely. Also, surgery is usually difficult in small arteries especially 
below 4 mm. in diameter, because of teじhnicaldifficulties as well as frequent clot reforma-
tion after surgery. 
The vessels used in the present study were considerably small, ranging in diameter 
from 2.5 to 4 mm. and the majority of them showed the complete occlusion at the time 
of operation. Therefore, it may be considered in the present study that good results of 




It is well known that the success of operation in cases with thromboembolism is entirely 
dependent upon the duration of occlusion. The results shown in Table 18 also confirmed 
this fact. The percentage of circulation restored was 50.0 per cent when treated within 
1 hour, 44.4 per cent on the 2nd day and 14.3 per cent on the 3rd day. These results 
closely resemble those of a group treated with larger dosage of SK. However, in 5 out 
of 7 cases submitted to thrombectomy on the 3rd day, animals died from arterial rupture 
within 3 days after operation. These results indicate that fibrinolytic treatment may be 
preferable rather than surgery in cases with small arteries especially below 4 mm. in 
diameter. 
Table 18 Summary of results of surgical treatment 
Gp. 
一～～～－ ~～～～ Clotλ日～ー～～～＿ e ・ Within 1 hour I 2nd【l川， 3rd day 
λJ, <el of Therapy i 
VI. Thrombectomy ／ー10(50.0%) 4/9 (4』_40占） 1/7 (!U0o) 
VII. Thrombectomy with Adh. 1 /4〔25.0%) 1/6 (16.7°0) 0/9 (0%) 
VIII. Thrombectomy with Heparin 3/6〔50.0忽） 3/5 <60.0°0) i 1/6 (16.7%) 
IX ' Thrombectomy with SK 1/6 (16.700 I 
x Throml苛ctomywith Hep. <'.: SK 6/7 ( s:;.1°0) I 2/7 I 28.6°0 I 
2) The effect of heparin ancl or streptokinase after thrombectomy. 
:'¥s mentioned, the major difficulties in the application of thrombectomy to small 
arteries has been the danger of arterial rupture and frequent clot reformation after surgery. 
Regarding the danger of arteriai rupture, EDH Adhesivell>17> which has been reported 
to be the most effective agent for coating and reinforcing intracranial aneurysms, was 
applied in the present study to prevent arterial rupture after thrombectomy. By this 
method, arterial rupture was prevented completely; however, the percentage of occurrence 
of clot reformation increased, resulting in a poor result of circulation restored: 25.0 per 
cent when treated within 1 hour, 16.7 per cent on the 2nd day and 0 per cent on the 
3rd day. 
Since the application of anticoagulants and, or fibrinolytic agents after thrombectomy 
may not be possible without using a method of preventing arterial rupture, such agents 
were used in the present study after application of EDH Adhesive. As shown in Table 
18, the results were improved to be 50.0% when treated within 1 hour, 60.0% on the 
2nd day in group with heparin, and to be 85.7% on the 2nd day, 28.6% on the 3rd day 
in group with heparin and SK. These results are better than those of thrombectomy and 
also indicate that thrombectomy with heparin and SK. is much better than that with 
heparin only. 
SUMMARY 
1) The effゼctsof fibrinolytic, surgical and anticoagulant therapies were studied on 
the complete occluding thrombus which was produced electrically in the common carotid 
arte巧rin dogs. 
2) Fibrinolytic treatment : 
a) Streptokinase was given intravenously in 3 different doses or modes of application. 
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Among them, repeated treatment with small dosage of SK. for 3 days and treatment with 
larger dosage of SK. were found to be equally effective for freshly formed clots. However, 
the dissolution rate of the former markedly decreased when clots were treated on the 2nd 
day of formation, while the latter showed a relatively high rate even on the 2nd day. 
b) These 2 methods of SK. administration were found not to induce or intensify the 
hemorrhage into cerebral softening foci. However, a mild to moderate oozing of blood 
from the fresh wound was frequently observed in a group treated with larger dosage of 
SK. In contrast, there were no such unpleasant complications in a group treated with 
small dosage of SK. for 3 days. 
c) Anticoagulant drug, especially heparin, was able to increase the percentage of restored 
circulation by preventing clot reformation after successful clot lysis. 
3) Surgical tτeatment 
a) Since vessels used for thiらえ study were confined to small arteries and most of them 
were completely occluded at the time of operation, re-occlusion was frequently observed 
after thrombectomy. 
b) The percentages of restored circulation of the group submitted to thrombectomy closely 
resembled those treated with larger dosage of SK. However, arterial rupture frequently 
occurred in the former. Thus, fibrinolytic treatment appears to be the better choice rather 
than thrombectomv for embolic occlusions in small arteries. 
c) Such an arterial rupture was entirely prevented by co丘ting with EDH Adhesive, but 
a marked decrease in the percentage of circulation restored was noted. 
d) Intramuscular administration of heparin with streptokinase was found to be the most 
effective method for preventing reocclusion after thrombectomy. 
4) From these observations it may be concluded that: 
a) Freshlv formed clots should be treated repeatedly with small dosage of SK. 
b) For older clots treatment with larger dosage of SK. is preferable. 
c) Heparin should be used in combination with fibrinolytic treatment. 
d) The major difficulties in the application of thrombectomy to small arteries are the 
danger of arterial rupture and frequent clot reformation after surgery. EDH Adhesive 
should be used to prevent the former, and heparin with small dose of SK. should be used 
to prevent the latter. 
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1) 頚動脈血栓作成法： ChemicalIntimectomy, Me-










































法はp 再血栓の防止に有効であり p 術後Heparinのみ
を用いる方法より高率の血管再開率を示した．
